water-jacketed vessel maintained at 25°C, followed by matrix samples diluted in TBS (150 µl), and finally 675 µl of calcium buffer. Samples were vigorously stirred throughout the duration of the experiment by a magnetic stir bar. The pH of the solution was measured by a PHC4000.8 electrode (Radiometer) attached to a TIM 854 or 856 automatic titrator, which delivered 0.2N NaOH (prepared from a standardized stock solution) via a microburette tip inserted into the solution. Titrant was added at the rate necessary to maintain a constant pH of 8.6. During the beginning of the experiment, NaOH was added rapidly in order to bring the pH up to 8.6, as the TBS which contained the matrix had a pH of 7.6. Once the pH of 8.6 was achieved by the initial base addition, the pH of the solution would slowly drift upwards until calcification began, which would in turn cause the pH to begin dropping. During the period of increasing pH, the microburette tip was removed from the solution in order to prevent it from being clogged by precipitation of CaCO 3 . The pH of the solution as well as the addition of titrant was recorded every 20 s by a personal computer running Titramaster software (v5.1.0; Radiometer). The reaction was allowed to proceed until base addition had not occurred for a minimum of 5 minutes. Nucleation time was determined to be the time of max pH, due to the reasons described above ( Supplementary Fig. S5 ). Max calcification rate was the max rate of titrant addition averaged over a 20s period (excluding the initial base addition to achieve a pH of 8.6; Supplementary Fig. S4 ). Nucleation times and calcification rates were normalized and compared to control experiments that contained no protein (TBS only) by one-way ANOVA and multiple comparison analyses by the Holm-Sidak method.
Supplementary Figure S1:
Scanning electron microscopy (SEM) images of intestinal CaCO 3 precipitates. (a) Unpurified precipitates, (b) gentle purification procedure purified precipitates collected directly from the intestines of Gulf toadfish (Opsanus beta), and (c) precipitates collected from the tank bottom and purified using the stringent purification method. * Mucus coating; † exposed CaCO 3 . Scale bar = 100 µm.
Supplemental Figure S2:
Gene ontologies of unique transcripts in the toadfish functional transcriptome libraries. Unique transcripts within neural tissues (red), muscles (blue), osmoregulatory tissues (purple) and gastro-intestinal tissues (green) were annotated and gene ontology assigned in Blast2GO (see Methods). Within each library, the relative abundance of the most represented GO term was computed for (A) biological processes, (B) cellular components and (C) molecular function. and how nucleation time and calcification rate are calculated. Nucleation time (blue dashed line) is defined here as the time at which the pH or H + concentration has dropped or increased by 10% of the total change observed throughout the 20-hour assay. The calcification rate is calculated by taking the slope of a linear regression (red dashed line) fitted to the data between 20% and 60% of the total pH drop or H + concentration increase observed for the duration of the experiment. r 2 values for the linear regressions used to calculate calcification rate are also given, and show little difference between using pH of H + concentration.
Supplementary Figure S4:
The effect of BSA on in vitro CaCO 3 formation as compared to isolated precipitate organic matrix. Several concentrations of BSA were included in a calcification assay to determine if the effects observed in the presence of isolated organic matrix were due to non-specific protein interactions. Minor variations in both nucleation time (a) and calcification rate (b) were observed at the highest concentrations of BSA tested, but effects were minor compared to the precipitate matrix, suggesting the observed effects are not due to nonspecific protein interaction. Symbols (* BSA; † precipitate matrix) represent values that vary significantly (p<0.05) from controls, as determined by two-tailed ANOVA and HolmSidak multiple comparisons. Example trace from a single pH-stat experiment. The nucleation time (gray dashed line) was defined as the point of highest pH, as the outgassing of CO 2 causes a gradual increase in pH until the production of CaCO 3 begins. Max calcification rate (black dashed line) is the maximum rate of NaOH addition, which directly correlates to maximum rate of H + production, and therefore CaCO 3 production. Validation of micro-modified in vitro calcification assay using pH-stat. Purified intestinal CaCO 3 matrix were added to a pH-stat setup at several of the concentrations tested in the micro-modified calcification assay. (a) Nucleation time was defined as the point of max pH observed during the assay as the pH slowly drifts up prior to the start of calcification due to the outgassing of CO 2 . (b) Max calcification rate was determined to be the max rate of NaOH addition as averaged over at 20-second interval. *p≤0.05 compared to no protein control as determined by ANOVA and subsequent multiple comparisons by the Holm-Sidak method. n=8 for no protein controls and n=5 for all other treatments. 
Supplementary

Supplementary Figure S8:
The effect of the formation of CaCO 3 on the absorbance measurements used to calculate pH during the micro-modified calcification assay. Identical pairs of samples were analyzed in the assay, but in one sample thymol blue was omitted from the salines. This allowed for the measurement of the absorbance at 594 nm (the wavelength used to monitor pH) over time due to the formation of the CaCO 3 itself. The absorbance from the wells lacking thymol blue was subtracted from their paired samples that contained thymol blue, and both the raw absorbance and the corrected absorbance values were used to calculate the pH throughout the assay. Raw absorbance values for the wells with and without the thymol blue, as well as calculated corrected absorbances are shown for controls wells containing no protein (a), as well as 5 µg/ml of isolated precipitate matrix (b). Little change in nucleation time (c), or calcification rate (d) was observed using the two absorbances, suggesting that the formation of CaCO 3 has a minimal effect on the outcomes of the assay. Values are shown as mean ± SEM. n=5-6. .51  2  2  2  --37  47  8  --GI_L_191_T_3/5  8.04  3  3  4  3  26  37  11  5  GI_L_399_T_2/6  8.04  4  4  2  --12  11  4  --GI_L_2_T_15/19  6.51  2  2  ----12  17  ----GI_L_606_T_2/4  7.98  --2  ------10  ----Beta-globin  Osmo_L_95_T_3/3  8.71  3  3  3  3  14  15  13  22  Myosin, light chain 12  GI_L_978_T_1/3  4.86  3  3  4  3  9  14  29  17  GI_L_1092_T_10/11  8.90  3  2  3  4  21  15  7  17  Muscle_L_935_T_1/1  10.74  ----2  2  ----7  9  Erythrocyte band 7 integral membrane  protein  GI_L_1045_T_1/2  9.80  3  3  3  3  27  29  10 
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